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Anong o b s e r v a t i o n s  c a r r i e d  o u t  accor-Gins t o  t h e  LGY 

program i n  1957-1959, a. l e rge  s h a r e  be longed  t o  i n v e s t i g a t i o n s  

o f  t h e  2 a r t h ' s  u p p e r  a tmosphere .  

The u t i l i z t i o n  of r o c k e t s  and s a t e l l i t e s  p e r m i t t e d  t h e  

s t u d y  o f  p r o g e r t i e s  a d  p h y s i c a l  phenonena n o t  o n l y  o f  t h e  uppe r  

a t n o s p h e r e ,  b u t  a l s o  01 i n t e r p l a n e t a r y  s p z c e  and oI" t h e  i:oon. 

A s  is v je l l  knorm, eve ry  r o c k e t  expe r i inen t  p r o v i d e s  a 

v e r t i c a l  c r o s s  s e c t i o n  of t he  atriloaj..here . 3 u r i n g  t h e  l a u n c h i n g ,  

t h e  v z i - i a t i o n  of one or a n o t h e r  atrcosphere Fro:)erty is s t u d - i e d  

i n  h e i g h t  a t  a g i v e n  geograph ic  F o i n t  at a :;iven rionent o f  t i c e .  

I n v e s t i g a t i o n s  on a s a t e l l i t e  a l iov i  t h e  o b t e n t i o n  o f  

d a t a  on l a t i t u d e ,  d a i l y ,  s e a s o n a l  vc.,i-iotions of t h e  s t a t e  o f  t h e  

ztinos,jllere. Cnly  a c o o r d i n ? t i o n  o f  r o c ' x t s  anC s a t e l l i t e s  Drovides  

t h e  p o s s i b i l i t y  t o  s t u d y  t o  tile f u l l e s t  o f  : ? ro?e r t i e s  o f  t h e  

u-o ler  a txosp 'nere .  

: - ee r ly  e v e r y  ex er iment  on r o c k e t  and s a t e l l i t e  s e t  up 

d u r i n g  t h e  IGY, Trov ided  new, unic,ue d a t a .  



. 
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i’he fundamenta l  probleixs o f  t h e  u p , e r  a t n o c p h e r e  were 

s o l v e d  as 2 r e c u l t  o f  i n v c s t i g a - i o n s  conductec! by S o v i e t  s c i e n -  

t ists. The g e o p h y s i c a l  and s2nce  inves t iCTat ions  !:’ere conuuc ted  

i n  t h e  S o v i e t  Union a l o n g  trle fo1lov;iiig b a s i c  d l r e c t i o n s  : 

1) s t r u c t u r a l  p e r a n e t e r s  01 t h e  a t m s p h e r e  (p rez r -u re ,  

d e n s i t y ,  t e G ? e r a t u r e  and  atmoz; h e r e  c o m p o s i t i o n )  ; 

2 )  i o n i z a t i o n  of Llie i o n o r p h e r e  acd  o f  t l ie  i n t e i - n l a n e t a -  

ry s p a c e  ( c o n c e n t r a t i o n  OT p o c i t i v e  i o n s ,  e l e c t r o n s ,  cornyos i t ion  

o f  i o n s ) ;  

3 )  I l a p e t i c  f i e l d s  of  t h e  Z a r t h ,  o f  t h e  Ieoon a ~ d  o f  t h e  

i n t e r p l a n e t a r y  s 9 a c e  ; 

4) cocmic r a d i a t i o n ;  

5 )  u l t r a v i o l e t ,  X -  and c o r s u s c u l a r  r s i i a t i o n s  o f  t h e  Sun,  

d i u r n a l  s k y  l u i l i n e s c e n c e  aid n i y h t - s k y  glow 

6 )  meteor  matter.  

C o n t r a r y  t o  t h e  i n v e s t i g a t i o n s  c a r r i e d  o u t  i n  t h e  U.S.A. 

t h e  s t u d y  o f  t h e  uppe r  ataos; ,here and o f  t h e  i n t e r p l a n e t a r y  s p a c e  

i n  t h e  a o a i e t  Union ,/as as a rtlle conducted  i n  a coriplex f z s n i o n .  

F a r t i c u l a r l y  i n t e r e s t i n g  proved t o  be t h e  i n v e s t i q a t i o n s  a c h i e v e d  

on t h e  t h i r d  a r t i f i c i a l  s a t e l l i t e  of  t h e  ‘:arth ( S p u t n i k  111), where 

a b r o a d  program o f  o b s e r v z t i o n s  ~c7s s e t  up,  azd  where n e z r l y  e v e r y  

e x p c r i E e n t  c‘as comple ted  and v e r i f i e d  by alic t h e r  one.  Such c h a r a c t e r  

o f  i n v e s t i g a t i o n s  h a s  a c o n s i d e r a b l e  advan tzge  by provodinr ;  t h e  

y s s i b i l i t y  o f  a n o r e  r e l i a b l e  and f u l l  i n t e r n r e t z t i o n  o f  t h e  o b t a i -  

ned  r e s ’ i l t s ,  and 01 e s t a b l i s h i n g  t h e  i n t e r r e l a t i o n  be  neen  t h e  

v a r i o u s  p r o c e s s e s .  

175 r o c k e t s  were l aunched  d u r i n g  1957 - 1959, o f  which 153 
; , e r e  m e t e o r o l o g i c a l  and 1 7  - c e o n h g s i c a l .  The 1zunchinr ; s  t o o k  p l a c e  

i n  l.aiclile l a z i t u d c s  o f  t i le 7uropean  SSSR, on t h e  F r a n c i s  J o s e p h  

i - I .  .:cI,, and aboard s e a - g o i n q  v e s s e l s  a t  v a r i o u s  l a t i -  

t u d e s  f:om > - n t a r c t i c a  t o  t h e  n o r t i i e r n  p a r t  o f  t h e  P a c i f i c  Ccean [I]. 



2 u r i n g  t h e s e  la-unchings s p h c r i c a l  c o n t a i n e r s  were ap;?lied 

a t  f i r s t ;  t h e y  were s e l f - o r i e n t i n g  - and also t h e  r e t r i e v a b l e  

c y l i n d r i c a l  c o n t a i n e r s  w i t h  ax o s c i l l o g r a p h i c  r e i . o r d i n g  o f  t h e  

s c i  e n t i f i c i n s t r u m e n t  at i o n  s r e  a d o u t s  . 
The w i g h t  and shape  o f  t i le  c o n t a i n e r s  and t h e i r  c o n 2 l e x i o n  

ciere a u i t e  v a r i e d .  ;ut  t h e i r  eo 

and t h e  v o l u x e ,  b o t h  r a t h e r  g r e a t ,  and p r o v i d i n g  t h e  po 

t o  i n s t d l  v:it:iin them o f  a l a r g e  and co.;!iplex i n s t r u m e n t a t i o n ,  t h u s  

c o n d u c t i n g  i n v e G t i g a t i o n s  s c c o r d i n E  t o  a b r o a d  progrei;:. 

on c h a r a c t e r i s  t i c  Mas t h e  yjeight 

Thus,  "iie splieric,al  c o n t z i n e r  n e i g h s  n e a r  400 kg, c i t h  a 
d-iarileter o f  a b o u t  one me te r .  15- 20 e x p e r i m e n t s  a r e  a c h i e v e d  by 

means o f  t h a t  c o n t a i n e r .  

I n  g e o p h y s i c d  r o c k e t s  t h e  22;-C7-ratus i s  i n s t d L e d  i n  t h e  

r o c k e t  i t s e l f ,  i n  i ts  u e r  -part c o l l s i s t i n g  of  a coi:teiner of 

v a . r i o m  s h a p e s  ( s p h e r i c a l ,  co i i i ca l  e t c . .  ) ,  ailit a l s o  i n  cy*inG.rical  

c o n t a i n e r s  d i s p o s e d  i n  m o r t a r s  on t h e  s i d e  o f  t h e  r o c k e t  [ 2 ] .  

2 i o i o g i c a l  i nves t i : . ; z t i ons  veTe a l s o  c o n d c c t e d  w i t h  t h e  a i d  

o f &e o La ii ys c i i L  1-0 c l i e  ts . -.-nixmL s aa d t h e  a-,.,,r o -,,r i zt e i n s  t r une il t a t  i Gn 

v e r e  d i s p o s e d  i n  h e r n e  t i c a l l y - s e a l e d  czbinr ;  . 
i h e  szlvz.giii;; o f  sniaLl:; aid c o n t a i n e r s  was r e a l i z e d  by 

I;Icz.ns of p z r a c h u t e  s y s t e m .  

!:t l a u n c h i n g s  t o  210 kit, t h e  t o t 2 1  .i:eight (2ayloac i )  o f  t h e  

s c i e n t i f i c  i n s t r i x i e n t s  anG a n i n l d s  r eached  2200 kg, t o  500 k m  - 
1520 kg. I n  t h  l a t t e r  c a s e ,  t h e  rocicet  o r i e n t a t i J n  \-:as s t a b i l i z e d .  

d u r i n g  t.:? e vhol e f l i c h t  . 
--  " , s i d e  'from gco-L.jhysicd anc!, : : icteorolo,-ical  r o c k e t s ,  t h e  

igc - t ion  of t h e  up;;er a t n c c p h e r e  i n  t h e  f o v i e t  Union v i a s  

a l s o  conducted  n i t l i  i i i e  he12  o f  a. t i f i c i a l  s a : : e l l i t e s  o f  t h e  E a r t h ,  

o f cosizic rockc- ts and spaces>Lii ' s  
n i h e  lFI.Ii1cl;Lng on 4- October  1357 o f  t h z  T i r s t  T:erthts ar t i -  

f i c i d  s e t e l L i t s  "S;sutniL; 1"  as n o t  o n l y  a rcvol.::tion f r o n  t h e  

s t a n d ; i o i n t  of  roc;:et t echn ique .  It o;?ened f o r  all x o r l d  s c i e n t i s t s  

broad e i s p e c t i v e s  for f:-Lrtll:l- i c v e s t . ' . s a t i o n s  . 



On 3 i tovenbcr  1.357 S p u t n i k  I1 mas iJut i n t o  o r b i t ,  and 

on 15 play 1955 - an  eiiorimus c o s n i c  l a : > o r a t o r y  - S p u t n i k  I11 - 
0 hi anu coiiipleted a broaG i>i-ogram of g e o s h y s i c a l  

s t u d i e s  . 
i?ogetiier c i t h  t h e  i n c r e a s e  i n  apogee ( S p u t n i k  I -9OC kn, 

S p u t n i k  I1 - 1650 kn, I;ii,utnik IIi - lGG0 k i : l ) ,  and o f  t h e  

I -  O;.U k g ,  S2.11 - 50, iLj:;, 8 9 u t n i k  111 - 1327 kg), t h i  

o f  s c i e i T t i f i c  i n - y e s t i g a t i o n s  was broackened c o n s i d e r b a y  b e t a e c n  

t l ie  f i r s t  and t h e  t h i r d  s p u t n i k s .  

weight (Sp.  

2:loq-aiL 
c> - 

The folio:-: ing b a s i c  p o b l c m  v;ere s e t  ug Lei'ore ; p . I :  

1) r e a c h i n g  t h e  f irst  C O S X I C  v e l o c i t y  ; 2 )  study o f  r a d i o -  

ve p r o p a g z t i o n  thi-ough t h e  iono: e r e )  ; 3 )  de te rpy ipa t ion  of  

a.tnos,here d e n s i i j r  by z p u t n i k  d e c e l e r s t i o n  ; 4.) 6lei;er;..iiiation o f  

t h e  s a t e l l i t e  1s t h e r m l  reg ime.  

As ide  from t h a t ,  t l i e  infl-uence of  c o n d i t i o n s  o f  s p a c e  

f l i g h t  ( l o a d  f a c t o r  a t  b l a s t - o f f ,  n e i g h t l e s s n e s s  i n  f l i g h t ,  e f f e c t  

o f  solar a d  cosmic r a d i a t i o n  e t c . .  j on tLe v i t d i t y  0 ;  o r g a n i s m s ,  

x i d  z l s o  t h c  detcr:;linF.ticn of  c z ~ ~ 5 . c  an6 : ~ ; o l c r  ; .zdiz.t ion,  c m c t l t u -  
ked --? p '  obleixs s e t  up befoi-e 3; iutnik 11. 

S p u t n i k  I11 c o n s t i t c r t e d  t i le most com9lex l a b o r a t o r y ,  

e qu ipped  w i t h  E contmposary  s c i e n t i f i c  r e s e a r c h  ai2:paratus f o r  

c o n d u c t i n g  a bl-oad co iqdex  of  atmos-.i:;ere i n v e s t i g a t i o n s .  

To x e a s u r e  p o s i t i v e  i o n  conce : . l t r a t ion  i n  t h e  ztmosp;:ere 

a?ove s;jui;nik's s u r f a c e ,  t n o  l a t ' i i c c u  io:- t r a p s  Trere i n s t z l i e d ,  

~ n c i  t k e  b e t e r x i n a t i o n  o f  t h e  coi: iposit ion o f  p o s i t i v e  i o n s  i n  t h e  

i o n o s p h e r e  was conduc ted  r i t i i  -the a i d  ol a raC.io--frecLnency xiass- 

s ? ; e c t r o m t e r .  

The s;_3ace dictr ibu 'Gion o f  t h e  cons t a t  geona. ,pc t i c  f i e l d  

a t  g r e a t  h e i z h k s  -cas i n v e s t i g a t e d  by n e a x  o f  a s F e c i a l  msr;neto- 

r i e t e r .  

-I cozmic ray c o u t c r  r e g i  t c r e d  t h e  v a r i t r t i o n  o f  i n t z n s l t y  

a n 6  t h e  ci iergy :-;,:c-ctrun oY cos:,;ic r c . : i a t i o n .  



I' 
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d e c t r o s t a t i c  f luxp le t e r s  !: leasxed t h e  . : a r t h l s  e l e c t r i c  

f i c l d  d o n s  .;gutnil.;'s t r a j e c t o r y .  

,i'he ha rd  coaponcnt  o f  p:-.i..!zry c o s r ~ c  r a d i a t i o n  '.as s t u -  
w 

d i e d  w i t h  t h e  h e l p  02 a Cerenkov p a r t i c l e  c o u n t e r .  
.. i;ia.;nc. t i c  and i o i i i z a t i o n  gages  de  t e r p z n e d  t h e  a-tinosphere 

d e n s i t y .  P i e z o e l e c t r i c  p ickups  r e g i s t e l - e d  t h e  number of  c o l l i -  

s i o n s  ai16 t h e  cner:y o f  mic rone teo r - s .  

iytc;tion accur-ed tple --.- -. , ~ , ~ : ~ i c s i o n  o f  t h e  

oLtz ine6 .  !IC.ilE~.':l'el~lel:ts t o  ,?round, tk.3 ,-:e t?rr&i.ir.';i 0 ,,putl1il; 1 s 

t r a j e c t b r y ,  t h e  t -;r::iore~.;ula i o ; i  c t c . .  

-.he s c i e n - t i f i c  in:;cs.Lj-;Lti-rl: co  c t e d  on roc: ;c ts  a;;d 

s a t e l l i t e s  provi<.ed t h e  p o s s i b i l i t y  i 'or o v i e t  s c i e n t i : -  I;s of  

b e i n g  pre23.red for t:ie y e a l i z a t i o n  0 3  co  

r e a c h i n g  o f  o t h e r  p l e n e t s  of t s013.r sy: -Len. 

On 2 J a n u a r y  1959 t l ie l a u n c h i n g  o f  z cosrLiic r o c k e t  t o  

t h e  Loon p e s  a c h i e v e d  (Lunilr I j .  The l a z t  s t a g e  of tiz3.t r o c k e t  

o f  1Li.72 ~ ; g  c e i g l i t  ivit i ;cut fuel, '..as p:.ovic?.ed i-i'ih a s p e c i a l  con- 

t a i n e r  i n s i d e  :;hicli ;;;'as i i iE ' t r - l led a s p e c i a l  z c i e n t i i i c  i n s t r u -  

n e n t s t i o n  cle : i , p e d  f o r  t h e  c o ~ i ~ l e x  s c i z n t i f i c  e x p c r i m e n t s  d u r i n g  

t i g c . t i z n  Oi i n t c r p l a n e t a q  s p c c e .  

With t h e  heli2 of  t : . e  c3& i i c  i ? o c k e t , s t u d i e d  v e r e  ti;e coy,- 

p o z i t i o i i  mil t h e  i n t z n z i . t y  0;' pri i !ary co::uic rnGic. t ion,  t h e  magile- 

t i c  f i c l c L s  o f  t h e  .,;?rGh  an^ of  t h e  L-oon, t h e  5;s co:.:poneiit o f  

i n t e r ; l r . n e t a r y  mai; ter ,  t i le ; un ' s  corlii- c u l a r  i-z a t i o n  ail<, r e g i -  

s t e r e d  viere micrometeors .  ii s p e c i a l  a p p a r a t u s  f o r  t h e  f o r i m t i o n  

o f  a a r t i ; " i c i , d  sodium c o i x t  : c.5 ~ S O  i n  ELLed i n  ti-:e ::.oc::et. - -  

,.,*he t o t d  v;eight o f  s c i . ? n t i f i c  aiici nezsT.ireixent ai?pei-atus 

t o g e t h e r  TAth t h e  f e e d  s o u r c e s  ani t h e  c o n t a i n e r  ( p a y l o c 3 j  con- 

s t i t u t e d  361.5 kg. 

'i'he cosmic r o c k e t ,  crca:-ing t h e  - , a r t h ,  became an a r t i f i -  

c i a l  p i n e t  o f  t h e  so1z.r  s y s t e m  wi th  a r o t a t i o n  p e r i o d  a round 

t h e  Tun o f  a b o u t  15 months.  Its o r b i t  r e a c h e s  to?liard t h e  i?ars o r b i t  



6 .  

t o  a d i s t a n c e  a b o u t  f o u r  t imes  neai"-.r t h a n  t k e  o r b i t  o f  t h e  

E a r t h .  

The first i n  t h e  h i s t o r y  of  xank ind  f l i g h t  toward  t h e  

ih;oon s t a r t e d  on 1 2  Septeinber  1959. 
On 1 4  SeL7teniber at 00 h r s  02' 24" lloscov: Tine t h e  s e c o n d  

cosinic r o c k e t  (Lunik  11) reached  h i e  s u r I a c e  of  t h e  ;Toon. 

To e n s u r e  h i t t i n g  t h e  ;,eon i n  t h e  adsence  o f  t h e  c o _ _ e c t i o n  

o f  i ts  mot ion  o v e r  t h e  ? o r t i o n  of t h e  f r e e  f l i g h t ,  t h e  r o c k e t ' s  

n o t i o n  ai; t h e  end o f  t h e  Deriod o f  a c c e l e r a t i o n  had  t o  be q u i t e  

p r e c i s e .  T o r  a r e l i a b l e  h i z t i n g  the ",eon ( r a d i u s  - 1740 km) t h e  

d e T 1 e c t i o n  o f  v e l o c i t y  f r o n  the  a s s i g n e d  c o u l d  n o t  be more t h a n  

s e v e r a l  m e t e r s  p e r  s e c o n d ,  i . e .  o f  0.01:;, w h i l e  t h e  v z r i a t i o n  o f  

t h e  v e l o c i t y  v e c t o r  i n  a d i r e c t i o n  by co.il:crioon w i t h  t h e  computed 

one c o u l d  n o t  exceed  one t e n t h  of a d e g r e e .  '_'he b l a s t  o f f  t i n e  

must  have been  h e l d  up t o  s e v e r d  s e c o n d s .  

The a c t u a l  f a c t  of hav ing  h i t  t h e  1:oon a t t e s t s  abou t  t h e  

hiyh c o n t r o l  s y s t e m ' s  p r e c i s i o n  o v e r  t h e  a c t i v e  p o r t i o n ,  and t h e  

p e r f e c t i o n  o f  t h e  s t a r t i n g  sys t em,  t o g e t h e r  i-iith tht .  h i z h e s t  r e -  

l i a b i l i t y  o f  t h e  a u t o n a t i o n .  

3 u r i n g  t h c t  f l i g h t  t o  t h e  ;.eon, i n v e f i t i z z t e d  rrere t h e  maT=r-e- 

t i c  f i e l C s  o f  t h e  : 3 r t h  and the  :-eon, tht .  c o s h c  ra A a t i o n  w i t h  t h e  

heavy n u c l e i  i n  i t ,  t h c  ' a r t h ' s  r a L a t i o r ,  b e l t s ,  t h c  23s component 

o f  t h e  interp1:Anetary m a t t e r  ard meteor  p r t i c l e s .  

On 4- O c t o b e r  1959 l aunched  LQS t h e  t h i r d  cos i i i c  r o c k e t  

w i t h  a n  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i 2 n  (T,unik 111) , vrliicli, aiiione 

o t h e r  i n v e s t l g p t i o n s ,  conducted  t h e  p h o t o g r a p h i n 5  o f  t h e  fa r  s i d e  

o f  t h e  boon. Thus, i n  t h e  cour se  01 t ' .e  I G Y ,  158 l a u n c h i n g s  v e r e  

n c r f o n i e d  vii th t h e  v iew o f  d teruiinin.; t h e  p r e  u r e ,  ati::osphcre 

t e q e r a t u r e  below 100 lim a t  v a r i o u s  t i  ,cs o f  t h e  y e c r  and a t  v a r i o u s  

l ? , t i t ud . e s  
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Z'or t h e  s t u d y  o f  p h y s i c a l  p r o p e r t i e s  o f  t h e  atniosphere 

and  i n t e q l a n e t a r y  s p a c e  beyond 100 lm. 1 2 9  fo l1or ; ing  e x p e r i m e n t s  

were c a r r i e d  o u t  : 

E X P E H If4 E N T S Nuaber of 
L aun  c h i n  gs 

i:easurement o f  t h e  c o n c e n t r a t i o n  o f  ............... f r e e  e l e c t r o n s  i n  t h e  ionosThere  9 
D e t e r i n i n a t i o n  o f  t h e  i o n  c o q o n e n t  of 
t h e  i o n o s p h e r e  .................................. 1 0  

I:ec?surerAents 02 t h e  c o n c e n t r a t i o n  of  
p o s i t i v e  i o n s  i n  t h e  i o n o s p h e r e  ................ 1.6 
1 ;ecsurenent  o f  e l e c t r o n  ternperat .  r e  ............. 
E.;eau.i-eiiient of a i r  p r e s s u r e  ..................... 
T a k i n g  a i r  s a a p l e s  .............................. 
B e g i s t r a t i o n  of p a r t i c l e  and micro i re teor  c o l l i s i o n s  

Z e g i r t r z t i o n  of t h e  u l t r a v i o l e t  
r e  : ion o f  t h e  s wct ru ra  .......................... 

~~ b-easurenent  of s k y  b r i , g h t n e s s  ................... 
R e g i s t r a t i o n  o f  t h e  t e n p e r a t u r e  of  
a i r ' s  boundary l a y e r  ............................ 
E e @ t r a t i o n  of  c o r g u s c u l a r  f l a x e s  .............. 
I n v e s t i g a t i o n  o f  cosmic r a y s  .................... 
I . ' ieasu.remnts o f  e l e c t r o s t a t i c  f i e l d s  ............ 
3 e T i s t r a t i o n  o f  Sun ' s  X - r a d i a t i o n  ............... 
S t u d y  o f  t h e  c o i i p o s i t i o n  of pr imary  
c o z n i c  r a d i a t i o n  ................................ 

b 

18 

18 
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6 

2 

D e t e r m i n a t i o n  of  tl;e i n t e n s i t y  of  
t h e  magnet ic  i i e l d .  .............................. 3 
I n v e s t i s a t i o n  o f  r , - ,Z ia t ion  b e l t s  3 ................ 
S t u d y  O X  t h e  gas component of  i n t e r i 2 l a n e t a r y  
o a . t t e r  .......................................... 2 

D e t e r n i n a t i o n  0 2  i(Ioon1 s r a d i o z c t i v i t y  ........... 1 

A s  a r e F u l t  of  i n v e s t i r F t i o n s  by m a n s  of  meteoro lo / ; ica l  

geol?hgsi.cal  er?d cos.  i c  r o c k e t s  a n d  a r t h ' s  s a t e l l i t e s ,  nev: d a t a  
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on t h e  p r o i 3 e r t i e s  of t h e  a t n o s p h e r e  and of  i n t e r @ a n e t a - y  s p z c e  

have  been  o b t e i n e d  , axd mutud. r e l ? . t i o n s h i p s  r e r e  e s t z h l i s h e d  

be ' iuein v z r i o u s  p h g z i c a l  phenomena, Z e s i d e s ,  c e r t a i n  new fundamenta l  

d i s c o v e r i e s  viere made . 
EAHTH S R!XjI;i!VI@Pi BXLTS 

Cine 0 2  eiie. p rominent  r e .  u l t s  of i n v e s t i g a t i o n s  by cocri ic  

r o c k c t s  an6. s a t e l l i t e s  i s  t h e  d i s c o v e r y  o€  r a i i ; j . t i on  b e l t s ,  i. e .  

o f  r e g i o n s  of h i g h  r a d i a t i o n  i n t e n s i t y ,  c o n s i s t i n g  o f  chnr;;ed Far- 

t i c l c s  n o v i n z  i n  t h e  ' . : z r t h l s  nz.Snetic f i e l d .  ;?yckee!;ia"Lc mczsurements  

a l l o m d  t h e  e s t a b l i e h n e n t  o f  b o u n d a r i e s  f o r  t i i c se  b e l t s ,  t h e  conpo- 

s i t i o n  o f  ;2jar t ic les  aiC t h e  r a d i a t i o n  i n t e n s i t y  [3 - 51. , rhese  ra- 

c c i a t i o n  z o n e s ,  t h e i r  r a d i a t i o n  i n t e n s i t y  anci t l i e i r  O i s  t s n c e  f r o n  

t h e  ; ; a r t h ,  a r e  i n i i c a t e d  i n  X.gures  1 and 2. J . t  h a s  been proven  by 

e x p e r i e m n t s  aboard t h e  S p u t n i k  111, t h a t  t h e  h e i g h t  o f  t h e  l o n e r  

boundary  o f  t h e  i n n e r  zone i n  t h e   astern hemisphere  i s  -1500 kru, 

and  N 500 kn i n  t h e  .::estern he:..is-:>..ere (th;. d i f i ' c r e n c e  is t h e  

r e s u l t  o f  magne t i c  d i p o l e  d i s ; j l a c e n e n t  r c l a t i v e  t o  t h e  c e n t e r  of t h e  

E a r t h  I .  :'iccor..-.ing ' i o  neasureinent d a t a  obt? . ined by t h a t  C O G i d C  r o c k c t  

t h e  bouiidary ol t i le  o u t e r  zone i s  at 15000 kin, 2nd t h e  i n t e n s i t y  

maxiiiiuin i s  oijseTved at 26 OOO kui. A t  55 000 km t h e  i n t e n z i t y  of 

t e r - e c t r i a l  r z 5 i a t k o n  i s  ::uasi n i l .  T e g i n n i n z  n i t h  t : .e 66 G O O  kn 

--"-.-- __ 

-.. 

a l t i t u i . e ,  t i le * i n t e n s i t y  of  ra.5:iai;ions i 5  conc'cant : a b o u t  2 Tar t .  cm 2 / s e c .  

!;e a:i-mei;icnts have shonn,  t h a t  i n  .the o u t e r  r a r l i a t i o n  zone 

t h e  r a d i a t i o i i  i n t e n s i t y  i s  g r e a t ,  b u t  2 s r t i c l z s  hE.ve a r : . l z t i v e l y  

l o n  ene rgy .  

The mean ene rgy  o f  electrons a t  1:O t o  50 t h o u s z z d  km i s  n e a r  

50 lre7. I n  t h e  c e i i t e r  0 2  k;:e zone t i ?e  mean eneTgy i s  of  25 keV. 

The - -- p z r k i c l e  i l l t e n s i t y  i n  the outer zone a t  2 r::.-ti?er s n d l  

h c i s h t  mc,y v a r y  i n  r x .  n i t u d e  by abou t  one oTSier. 

Yro tons  v~itil en2r:;j-e;: 0:  t::e orG.ei- oL' lG0 I.;eV have been  

r e v e a l e d  i n  t h e  innc:r  zone.  .I,ccorliiig t o  r iexx-e . .Lc ; l t s  t h e  s t a k i l i t y  

oi r a c i i a t i o n  i n t e n - i t y  i n  t::e i n n e r  zone i s  b e t t e r  tIsnn f 15 p e r c e n t .  
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Beyond t h e  n i a snc t i c  f i e l d  of t h e  :.;arth ( a t  more t h c n  

65 000 k m  frol.1 tIic c e n t e r  OF thc " a r t h )  t h e  chzrged  2 r r t i c l e  f l u  

i s  lG00 

e n e r g i e ;  of 't5 - 450 keV - 3200 ,f 100 c.uanta/m< s e c  s t z r a d  

aid t h e  photon flux !; i th energy  o f  0.45 - 4.5 IdeV i s  e q u a l  t o  

1000 k 1GO cLuaxta/u2 s e c  

80 T a:-ticle/m2 s e c  s t e r a d ;  t:ie pho ton  flux 11a-c "Lie 

s t e r a d .  
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Concerning t l ic  o r i y i n  0 -  r a d i s t i o n  b c l  ts s e v e r d .  h y g o t h e s e s  

\ ' e r e  a&v,,,iced. I h c  obse rvcd  r p e c t r a  anG t h e  col .Apos i t ion  of  r a d i a -  

t i o n s  i n  t h e  i n n c r  zone are v;ell ex,A;:ined by Lhe h g p o t h : s i s  of 

i t s  o r i g i n  a s  a resL1.l.t oi n e u t r o n  decay  C43. Jnder  t h e  e f , e c t  o f  

co;uic r a y s  o r i , i n a t i n g  i n  s p x e  atom n u c l e i  e n t e r i n g  i n  t h e  corn- 

13ozi t ion  of  t h c  atmocphere are disii : te,ra t e d  and n e u t r o n s  are f o r -  

m e & .  iicar t h e  ::art11 p c r t  0 2  n e u t r o n s  d i s i n t e g r a t e s  cr i th  t h e  f o r m  

t i - n  of e l e c t r o n s  and  imotons .  The othzr p e r t  e s c a g e s  i n t o  s p a c e .  

'Ihc che rged  ; > w r t i c l c s  uith coA.iLJarat ively l o n  e n e r g i e s  r c s u l t  t r a p p e d  

i n  t h e  Lartli's magne t i c  f i e l i ,  wkere t h e y  move, c l i m b i n g  Gur ing  a 

l o n g  t L e  ? l o n g  t Le l i n e s  01 f o r c e  of  t l > e  -'a:-T;h's m a _ n e t i c  f i c l d .  

The o u t e r  r a 5 i a t i c n  zone a p - a r e n t l y  i s  t h e  r e s u l t  o f  solar 

/ c o r n u z c u l a r  s t reams'  i n j e c t i o n  i n t o  t ; l c  p o n ; a J n u t i c  f i c l5 . .  

\i 

*- 3 

e 
c, 

-'i2. 2. ' o t t 3  ionizcLic.11 as a f a a c t i o n  o f  f l i z l i t  
a l t i t u d e  of t h e  co:',.ic roc:;et [ z ] .  

The co-L-Juscul8i- s t r c s m s  c o n s i s t  of n e u t r d .  l>: . r t ic les  anG o f  

an e q u a l  number of poL- i t ive ly  s : ~ :  ne - n t i v c l y  cha rged  p z r t i c l e s .  
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Fig-. 2. T o t a l  i o n i z z k i o n ' s  dependence on  t h e  f l i g h t  
a t i + u d d  o $  sl;';;.ce i-ocl-;e t C3] 

Thanks t o  c u r r e n t  n c n s u r z x n t s  by i o n  t r a p s  o n  cosii5c 

r o c k e t s ,  a t h i r d ,  . o u t e r m o s t  r d i a L i o n  b e l t  vas d e t c c t e d .  I t  con- 

s i z  ts h z , s i c a l l g  or" co:. .pa.rztively s o T t  e l e c t r o n s  v;ith e:=ergy 

above  200 eV. A t  a d i s t a n c e  o f  5G000 lrm t l ie  e l e c t r o n  flux wi th  

ii; >200  ev ;  N < 2 l o 7  s e c  -1 , i:; Eie b e l t  r e g i o n  
8 -2 

c n  55 000km < R C 75 000 l q  , N"2 10 s e c - l  r61. 
It  i s  asEuil,led t i a t  t h i s  &it i f  :orsc.\, as 2. r e c u l t  o f  

p c - r ixnen t  we dc c oi-jpus c ul iir s t r e  a m ,  s ol ar  riind i n  t e r a c  t i o n  c;i  tl-1. 
t h c  l z r t h ' s  magne t i c  f i e l d  [7]. Ln e n e r g  r e i i s t r i b u t i o n  t & e s  

.;lrce - f r o n   proton^ te e l e c t r o n s  - on a c c s u n t  o f  i n t e r x t i o n .  

S a d i a t i o n  b e l t s  chznge s i , p i f i c a n t l y  t h e i r  c b n r a c t e r i s t i c s  

deLJenciing upon t!:e : :dlar a c t i v i t y .  
r; i  ..FIE r i e t e c t i o n  o f  r a i . i r ; t i o n  S c l t s  croui:.d .t:e Z c r t h  u r o v i d e s  

i b i I i t 7  o f  conclud-ing t l i a t  any c e . i - c s t i d  body,  h a v i n g  i: 

Yiagnetic f i e l d .  n u s t  have  rac:.ic.tiL2n b e l t s .  It  m 
Mars =id venus d s o  pop: e s s  s i ~ ; n i f i c a n t  r z e i a t i o n  belts. 
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0 

- -  F i g . > .  i ' a s n e t i c  f i e l d  02' t h e  Garth as a 
f u n c t i o n  o f  d i s t a n c e .  

Dashed c u r v e  - t3enretlcaily co.q??uted. v a l u e s  ; s o l i d  
cu rve  - mczsu.rec! vcdues  of  t ?e  f i e l d  ; Gash-dot ted  c u r v e  - 
- d i f l e r e n c e  b e t v e e n  t h e  t h e o r e t i c a l l y  compute?, and t h e  
measured. va111zs 0: t h e  f i e l d .  

7 J ig .  3 shorrs  t h e  v a r i a t i o n  o f  t:-e : a r t h t E  n o - - n e t i c  f i e l d  

a c c o r d i n g  t o  .ti;eory and i t s  v z l u e  de te rn ine? ,  by t h e  c o s r i c  roc:ct  

r18, 93 



. 
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2. 

An anoimJy i n  n a p e t i c  f i e 1 2  v a i - i a t i o n  is obse rved  a t  a 

d i s t a n c e  of 21 000 km from t h e  c e n t e r  or" t k e  Xz.rth,  i t  b e g i n s  t o  

r i s e  and  r e a c h e s  t h e  maxinun v a l u e  o f  Z O O Y  

22 000 ki?, arid t k e n  i t  d e c r e s s e s .  Cne may assume t h a t  t h e  obse rved  

v a r i a t i o n s  02 t h e  n a u n e t i c  f i e l d  are l i n k e d  w i t h  t h e  o u t e r  r a d i a t i o n  

zone a i d  ma:: be  e x p l a i n e d  by  t h e  s u ~ e r i r i i p z i % i o n  .:;he r;la\;netic 
f i e l d  of  t h e  E a r t h  o f  t h a t  o f  t h e  c o r p u s c u l a r  zone w:lich h e s  two 

m c x i m a ,  x e s p e c t i v e l y  at  20 000 and  23 0001-:la from t h e  c e n t e r  o f  

t h e  Z a r t h  (fi?;. '  3 ) .  One of  t 3 e  c c u s e s  o f  t h e  a p ~ i e a r ~ . n c e  o f  t h e  ma- 

g n e t i c  f i e l d  o f  t h e  r a d i a t i o n  zone 'may l i e  i n  d r i f t - c u r r e n t s ,  

o c c u - r i n g  on accoun t  of  t h e  d r i f t  o f  chz rgcd  i 3 z r t i c l e s  i n  t h e  masine- 

t i c  f i e l d  o f  t h e  Z a r t h .  * -  i'ne 1 v a r i a t i o n s  i n  the po,? , i t ion  of t h e  o u t e r  

r a t t i a t i o n  zone and i t s  i n t e n s i t y  a r e  c o r r e l a t e d  w i t h  r::a;netic s t o r m s  

and  a u r o r a e .  'The s t r . onge r  t h e  na : i i e t i c  s t o r m ,  t h e  c lo f i e r  t o  Z a r t h  

is t h e  maximum of  t h e  o u t e r  z o n e ' z  r a d i z t i o n .  The f a r t h e r  from t h e  

mocent  o f  t h e  maqne t i c  s t o r m ,  t h e  f n r t h e r  Gisposed  is t h c  i:lexirnum 

fro! t h e  Z a r t h .  

at t h e  d i s t a i i c e  of  

1 l t  o f  i n v e s t i : . a t i o n s  coniiuctec? on t h e  3 r d  a r t i -  

f i c i a l  s a t e l l i t e ,  ne:;- u-ata .,.-ere o b t a i n e d  on t::e con: tailt mz;netic 

f i e i c i  o f  t h e  I l a r t h .  Its nezsurements  i n  t h e  J l a s t e r n  S i b e r i a n  anoma- 

l y  p o i n t s  t o  deep- sea t ed  s o u r c e s  o f  tl2z.t anomaly,  ; , h i c b  i s  c o n t r a r y  

t o  p r e v i o u s  a s s u n p t i o n s .  

I o n i z a t i o n  "___l_~_ m d  Coi:!?osition 03 ? ' - tnosphe r i c  I o n s ,  

i n t e r e s t i n g  d a t a  ?::ere o b t a i n e d  on a tmosphere  i o n i z a t i o n .  

'?he mcx:l.irer:ients c a r r i t . 5  o u t  have ,shonn t h a t  t h e  e a r l i e r  assumbd 

sharply-e---l:.essed l a i i n e t e d  c h a r z c t e r  ( E ,  F1 and F2 - l a y e r s )  o f  

e l e c t r o n  d i s t r i b u t i o n  v i t h  h e i y h t  i n  t i le  a t n o s p ? l e r e  i s  a'bsent . 
X e c t r o n  c o n c z n t r s t i o n  i n c r e a s e s  as o f  a b o u t  100 lrni a l t i t u d e ,  r ea -  

c h i n g  a rflairfium a t  a b o u t  700 km, and t h e n  i t  s l o w l y  d e c r e a s e s  

( f i g .  4) . On Zebruamy 24, 1358 a 

wi?,s obse rved  a t  473 i i m ,  which cas o n l y  t w i c e  as low tis t h a t  a t  300 

k m .  ; :easurerncnts o f  p o s i t i v e  i o n  c o n t e n t  i n  t1.e atmoc:2here t o  1000 km 

1 106 cm2 e l e c t r o n  c o n c e n t r a t i o n  
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p e r m i t t e d  t o  e s t a b l i s h  t h z t  tl e i r  c o n c e n t r a t i o n  is n e a r  t h a t  of 

e l c  c t r s c s .  Cn 15 iLsg 13_,2 t h e  conce-izL-zt ion o f  p o . s i t l v e  i o n s  at 

7 ~ 3 ;  :rn was e q x c l  t o  1.9 * 10' ior,s/cm' [lo]. 
- 

h: kr! 
2iJ 
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,'i;. 4. d i s t r i b u t i o n  v i t h  hci:;lit o f  e l e c t r o n  
c on c c n t r a t i o n  [ 1 O] 

a - 0618 h r s  on 1 6  ::ay 1957 ; d - 06 27 h r s  on 25 Lug.1957 ; 
g - 19 54 h r s  on 9 mJe:3.1957 ; Z - 11 40 h r s  on 21  l'eb. 1958. 

'These r e s u l t s  a l s o  sug , ;es t  a b o u t  t h e  s l o n  v s r i a t i o n  o f  

a t n o s p h e r e  i o n i z a t i o n  above 200 k m  z l t i t u d e  . 
Zev: d a t a  on i o n  co!+?o;:ition i n  t h e  a tmosphere  i n  t h e  

100-1000 kn a l t i t u d e  r ange  h;.:ve a l s o  been  o b t a i n e d  [ll). 
Inves t ig : s . t i ons  l i ~ ~ v e  shown thL1.t a tomic  oxygen i o n s  predo-  

in ina te  a t  t h e s e  h e i g h t s .  The a t n o s p h e r e  c o q o s i t i o n  is n i t r o s e n -  

oxy.sen and n o t  hydrogen  as was e a r l i e r  assumed,  t o  a t  least 1000 km 
a l t i t u d e .  The compos i t ion  of  t h e  ionozl ihere .  v a r i e s  w i t h  a i t i t u d e  

an6  l a t i t u d e .  
+ : : o l ecu la r  n i t r o g e n  IJ? - , n i t ro : : en  o::ii,e YO+, m o l e c u l a r  

oxygen 02 oxygen i s o t o p e  (0 I") +, oxygen ai,om C "  and n i t r o g e n  

atom E i o n s  a r e  obse rved  i n  t h e  225 - 500 h i  d t i t u d e  r a n c e .  + 

5C0 1x2 t h e  ioi io:-plLere conr:ists o f  atoi:ic oxygen ;::id 

n i t r o g e n  ioi:s. I .o lecu1z.r  i o n s '  s l i m e  t h e r e  i s  l e s s  t h a n  0.1:;. 
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D e n s i t y  o f  t k e  .eAtmos;Lere. 

On t h e  b a s i s  o f  n s u i - c r c n t s  o b t a i n e d  w i t ‘  t h e  aid of 

maiior.;eters, by s a t e l l i t e  c .ece le . ra t ion ,  Tram sodium c loud  d i f f u s i o n  

e t c . ,  t h e  d e n s i t y  o f  t k e  atnosp:iere Y J ~ E  i e t e r x i n e d .  t o  700 kn alti- 

t u d e ,  an2 d s o  the  tei,il:cr.ai;ure and pre: I re  oi t ; ie  atrroslJJieric gas. 

i t  r- A t e d  t h a t  above 200 lrlil t h e  ai1,locpliere deli: i t y  is 5 t o  1 0  

tir . ies h i g h e r  t h a n  t h e  v z l u e s  e a r l i e r  a d m i t t e d  011 t h e  b x i s  m a i n l y  

o f  t h e o l e t i c a l  SLI )-;or,ltions . ?bus, on 16 ~ ay 195$ t h e r e  :;.ei.e ?bout 

? a l o9  L,ar t ic les /cmd a t  150 km, and 8 l o 7  i x c t i c l e / c i - ;  a t  500 IrrL 

[12]. The c o n c e n t r a t i o n  d e c r c n s e  a t  t h c s e  a l t i t u d e s  t a k e s  p l a c e  at 

a nuch d o \ - i e r  pace  t h a n  at l o i . e r  a l t i ’ , n ’ e s ,  ib’.c?e the c o n c e n t r a t i o n  

d -cc reases  a b o u t  1 0  t i m e s  a t  d t i t u d c  inc : - : a se  by 1 0  km ( F i y .  5 ) .  

- - 
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2.10-3 
4-10-’ 

He t e oi-s . 
Du;.ing e z i c r i n e n t s  on roc l ;e t s  and c a i e l i i t e s  by s p e c i d  

i n s t r u m e n t s  - p i e z o c l c  c t i - i c  pickups - number o? p a i - t i c l e  c o l l i -  

s i o i i s  and t h e i r  ener-gy idere meC?sw-cd. C o l l i s i o n s  0 2  p h r t i c l e s  

$,it11 s n d l  masses c e r e  n o t e d  [13] ( s e e  ; a b l e ) :  

Leans o f  I n v e s t i g G t i o n  I Date 

Sputn ik  I11 < .  < . .  . * .  . . . 

i i r s t  Cosi,iic Xoc-;ct * .  . . 

s e c o n d  CosLic I:ocket . . . 

T h i r d  C 0 3 i : d C  13ocket . . . 

15.V 1935 
16-17.V4958 
1s--26.V 195s 

.2.1 1959 

12. I X - 1059 

4.x-1959 

g i  G t e i n  c ci 
p a r t i c l e s  
a t  v =4O;-n 

2,s. 10-9-1 ,s .  IO-* 
i , 5. ir-s-:!. 10-7 

>2.10-’. 
2.10-9--6.10-9 
6. 10-9-1, 5. 

> 1,s. 10-8 
10-9--3.10-9 

Of 
c oll is  ion:; 

&/s e c 

< 10-4 
< 2.10-3 

< IO- ‘  
< 5.10-5 

9.10-5 

C o r p u s c u l a r  .-- r a d i ? . t i 2 n ,  Heavy i r u c l c i .  

hs a rL:-Lb 0 ,  1 A~ s t i ; ; a t i o n s  c o r g u s c u l a r  f l u x e s  r i t h  

t r e n e n d o u s  e n e r z i e s  - t o  s e v c r d  hundreds  o f  keV were r e g i s t e r e d  

[1”:-]. 

The pre:-:ence of’ heavy n u c l e i ,  ;:ith a c h a - s e  above ;@ 

was r e v e a l e d  i n  tlic composi t ion  o f  t:.:e c o s a i c  r a i i a t i o n ,  , ,*heir  

nuriber i s  a’zout 10  000 t i m e s  si!:,?ller t h z n  tii2.t o f  heavy n u c l e i  

i - i t i i  a chtr?rge r.bo;;e 16 [15]. i lni , :ue d z t a  :;ere o‘a tz ined  during i n -  

v e s t i p t i o n s  n e a r  t h e  Iioon. It vias e s t a h l i a h e d  by e x ~ o r i r n e n t s  on 

t h e  seconil. cosz:ic r o c k e t ,  t;iA tile r n a a e - t i c  w f i e l d  01 t h e  Iloon i s  

a t  l e z s t  Lt.00 t i a c s  l e s s  i n t e n s e  than a t  tlie ; a r t k ’ s  suri’c?ce. 



. 
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The r a d i a t i o n  i n t e n s i t y  measured d u r i n g  t h e  time o f  r o c k e t l s  

n e a r i n g  t h e  ; Ioonls  s u r f a c e ,  at a i i i s t a n c e  t o  1000 k m ,  does  n o t  

d i f f e r  from t h a t  o f  C 0 s ; i i C  background nit!:in 10;; l i n i t s  

Conse . u e n t l y ,  one may c o n s i d e r  t h a t  no zone of  i n c r e a s e d  

r a d i s - t i o n  e x i s t s  n e a r  t h e  iIoon. 

T h e r e f o r e ,  t h c  r e s u l t s  o f  i n v e s , L i g z t i o n s  o b t a i n e d  d u r i n g  , 
t h e  i G Y ,  have  broadened  o u r  r e p r e s e c t a t i o n s  ?.bout t h e  up7e r  atmo- 

s;-:liere and t h e  i n t e r 2 l m e t a r y  (cosmic) a p a c e .  

These  i n v c s t i g r % t i o n s  c o n s t i t u t e  a new, enorzous  s t e p  fo r -  

ward i n  our Imov;lcdge o f  2 h y s i c s  o f  phenonena i n  t h e  u;>i;er atmosThe- 

r e  and  cosmos. Subsequen t  i n v e s t i g a t i o n s  s h o u l d  d l o n  t h e  exp lana -  

t i s2  of t h e  o r i g i n  ol the I3a.rth's na;net ic  f i e l d ,  r a d i a t i o n  b e l t s ,  

t h e i r  i n t e r r c l a k i o n ,  and t h e  cauze o f  h e a t i n g  o f  upper  a t n o s p h e r e  

e t c .  

Inve:- ; ig?Ltions a c c o r d i n g  t h e  I G Y  P r o g r m  '::ere conduc ted  

ciur ing t h e  ;ierio6. o f  solar a c t i v i t y  maxinum. It nas e z t a b l i s h e d  

t h a t  t h e  solar a c t i v i t y  i n f l u e n c e s  a l l  p r o c e s s e s  t a k i n g  p l a c e  i n  

t h e  up-er atmoz:-here . L'or a f u l l  u n d c r s t a n i i n g  o f  t h e  c o r r e l a t i o n  

bc.t.::ecn $:enomena i n  t h e  u er a t ~ 1 o s ~ , h e r e  and  t:ie s o l a r  a c t i v i t y ,  

and  f o r  tila d e t e r u i i n a t i o n  0 2  c:uF.nti tative l i n k s  betl-:c:n t h e s e  pro- 

e s ,  i t  i s  n e c e s s a r y  t o  ex tend  t h e s e  C O E . ~ ~ ~ C X  i n i e s t i g z t i o n s  

more g z r t i c u l a r l y  d u r i n g  t i le  p c r i o e  o? z o l a r  a c t i v i t y  minimum. 
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